This study evaluates the development and productivity of maize plants at different spatial arrangements under rainfed conditions in cerrado-caatinga (savannah) transition zone, where characterised as semiarid. The experimental plan was Randomised Blocks Design (RBD) with four replications. This was 3×3 factorial design with three types of row spacing (0.35 m, 0.50 m, 0.75 m) and three types of population density (50,000, 65,000 plants.ha -1 , 80,000 plants.ha -1 ). The hybrid 30F53YH recommended for the region was used in this experiment. We collected the morphological parameters of five plants in each subplot for six weeks after thinning. Then, productivity data were obtained by weighing harvested grain from two representative lines of each subplot. Furthermore, all data were analysed by performing both statistical tests Tukey (p≤0.05) and Shapiro-Wilk. The best response of maize canopy architecture and productivity was in smaller spacing (0.35 m) with high population density (80,000 plants.ha -1 ). However, the total productivity index was high in recommended row spacing and population (0.70m and 50,000 plants.ha-1). Thus, smaller row spacing with a higher population (e.g. 80,000 plants.ha -1 ) can deliver better plant distribution density as a solution for production losses due to drought during maize growth stages.
Introduction
Spatial, temporal and climate environmental heterogeneity may cause changes in grain production (Williams et al., 2008) . High temperatures, low rainfall and other climate events have become more frequent and common (Hatfield, 2011; Tokatlidis, 2013) which may cause major production losses in agriculture. However, the use of cultivars adapted to the region, as well as certain cultural practices (population density, spacing, sowing and tillage) aim to minimize the effects of water stress. The row spacing reduction and the increase of plant density are techniques applied to improve both water and nutrient uptake by plants due to the expansion of leaf area (Testa et al., 2016) . Additionally, these factors provide canopy closure in the early vegetative stages (Cox and Cherney, 2001 ). However, factors such as type of farming, sowing, water availability and soil fertility directly influence optimal plant population (Sangoi et al., 2002) . Therefore, it is vital to understand when water is required to fulfil the final grain production (Boyer, 2010) . Understanding plant physiology in relation to drought periods is one of the tools that can help crop growth stages, while maintaining or achieving satisfactory levels of productivity.
The method of increasing population density to obtain high productivity has been refuted because each specific region has its own optimal plant population to obtain satisfactory productivity index (Berzsenyi and Tokatlidis, 2012) . Thus, optimal plant population reduces abiotic effects (drought), allowing crop development (Mounce et al., 2016) , mainly corn. Berzsenyi and Tokatlidis (2012) pointed out that the selection of hybrids that reach maturity in shorter periods, independent of density, can reduce the risk of yield loss in the dry season. The use of high plant densities counterbalances low productivity (Testa et al., 2016) . Therefore, in maize culture the row spacing has been reduced and plant densities increased, producing a remarkable final yield (Dourado Neto et al., 2003; Maddonni et al., 2001; Sadeghi et al., 2012) .
In this context, biotic and abiotic factors significantly affect maize development. Moreover, the variation in plant density affects maize further than other grass families (Vega et al., 2001; Abuzar et al., 2011) because of the differences in expression of genetic potential (Li et al., 2015) . The plant density and row spacing change leaf development, plant architecture and maize yield. Therefore, this study aimed to evaluate the development and productivity of maize plants at different spatial arrangements under rainfed conditions in Cerrado-Caatinga (Savannah) transition zone, characterised as semiarid. Furthermore, this research found the optimal row spacing and plant density for maize in semiarid conditions.
Results

Plant architectural characteristics
Descriptive statistics of the parameters evaluated in the field into row spacing interaction with population density are below (Fig.3) . The highest average plant height was in the row spacing of 0.35 m with population density of 80,000 plants.ha -1 , while the lowest average was in the row spacing Table 3 . Analysis of variance (ANOVA) of plant height, stem diameter, number of leaves, number of nodes and total chlorophyll index, depending on the interaction between row spacing (RS) and plant population (P).
Fig 3.
Minimum values, 1 st quartile, median, average, 3 rd quartiles and maximum plant height, total chlorophyll, leaf number and stem diameter resulting between the interaction between plant row spacing and plant population. Table 4 . Average values of plant height, stem diameter, number of leaves, number of nodes and total chlorophyll index, depending on the interaction between row spacing and planting density. Table 5 . Analysis of Variance of maize yield gain in the interaction between row spacing (RS) and plant population (P).
ns No significant, S Significant to 5% by Tukey test and F test, DF = degrees of freedom, MS = mean square, CV = coefficient of variation, P = plant population, RS = row spacing. 
Plant morphological response
The analysis of variance showed that the maize morphological response was statistically significant within row spacing and population density at 5% for the F-test (Table 3 ). In addition, the block effect was significant resulting in its elimination on the predict model output presented in subsection 3.3. The plant height, number of leaves and node number had no significant effect in three row widths. However, all parameters showed a significant response in populations of 50,000, 65,000 and 80,000 plants.ha -1 . The coefficient of variation (CV) was considered medium for all morphological parameters of plants we analysed, except for TCI. This means a good precision. Nevertheless, the TCI had a low CV, i.e., high precision.
The Tukey's test at 5% (Table 4) showed that the mean height of plants in the 0.35 m row spacing with 50,000 plants.ha -1 do not differ between them. However, the interaction of 0.35 m and 50,000 plants.ha -1 displayed statistical differences between their means. Moreover, there is a significant difference between these two rows spacing in the population density of 80,000 plants.ha -1 . Regarding to stem diameter, only the population density of 80,000 plants.ha -1 had significant difference in their means. Additionally, there was statistical difference into both parameters number of leaves and node number in the population density of 50,000 and 80,000 plants.ha -1 . Finally, evaluating the TCI, there was difference between means only into the population density of 80,000 plants.ha -1 .
Productivity and matrix prediction model
The total and average productivity (Fig.5) within each treatment were considered higher in the 0.70 m row spacing with population size of 50,000 plants per hectare (578.98 kg.ha -1 ) and the 0.35 m row spacing with population size of 80,000 plants per hectare (344.79 kg.ha -1 ). The worst average productivity was at 0.35 row width with population density of 50,000 plants per hectare (91.26 kg.ha -1 ). So that, the Tukey's test at 5% displayed no significant difference between those treatments means (Table 5) . However, the Shapiro-Wilk's test at 5% considered normal.
The prediction of corn morphological development and productivity were based on matrix model, eliminating the block effect into treatments. This model may identify plant responses to different population density by measuring data in the field experiment. Its confidence index is 95%. In this study, population density ranged from 50,000 plants.ha -1 to 80,000 plants.ha -1 (Fig 6) .
Discussion
Canopy closure and better canopy architecture are result from reduction in row spacing as well as increasing population density. This allows C 4 plants to improve its light absorption efficiency and its photo-assimilate production (Hatzig et al., 2010) . Maize physiological response to both row spacing and high planting density was positive in relation to other treatments resembling the results of some authors (Maddonni et al., 2001; Blumenthal et al., 2003; Berzsenyi and Tokatlidis, 2012) . During the vegetative growth in maize, the favourable environmental conditions allowed us to obtain tall plants with large stalk diameter in reduced row spacing and higher planting density. During the transitional period of growth (vegetative stage to reproductive stage), maize crop suffered water stress (Fig  2) . However, maize crop showed good productivity index in reduced spacing and high planting density, compared to the other treatments (Berzsenyi and Tokatlidis, 2012) , except for planting density and row spacing recommended by maize hybrid companies. These results reflect total compensation of productivity at expense of loss per plant (Testa et al., 2016) due to changes in plant morphology grown in high planting densities. Furthermore, reduced row spacing helped out abrupt canopy closure (Dourado Neto et al., 2003 , Hörbe et al., 2013 .
The radiation absorption efficiency and biomass production of maize plants may have helped its development even they were under water deficit situation (Hao et al., 2016) . In order to predict maize planting density within the row spacing analysed, the matrix prediction model can be a good reference for the future researches. All models showed positive results for reduced row spacing and planting density above the recommend. Nevertheless, the abiotic factors have to be favourable to maize growth. Moreover, productivity losses are significant due to climate change in the rainy season. Although, maize is a C 4 plant, it is relatively adapted to the short periods of drought. But we see in this experiment that the lack of water in maize reproductive stage leads to reduced plants yield (Lopes et al., 2011; Berzsenyi and Tokatlidis, 2012) . However, it is essential to follow commercial recommendation for maize planting density and row spacing, although we report promising results about increasing planting density and reduced row spacing in this study. This will print on field better plant adaptation and genotype-environment interaction. The optimum planting density will display positive responses, if farmers use the recommended maize hybrid for their specific geographic region due to its adaptability (Tokatlidis et al., 2011; Tokatlidis, 2013; Sadeghi et al., 2012; Maddonni et al., 2001 ).
Materials and Methods
Study area
The experiment was conducted at the Federal University of Piauí, Campus Professor Cinobelina Elvas (09º 04' 47" S latitude, 44º 19' 37.60 January 2016 (the beginning of the rainy season). Additionally, systemic and contact insecticides were applied to control Spodoptera fungiperda during the experiment.
Plant material and experimental design
In this study, we used the corn hybrid 30F53YH that is adapted to Cerrado biome. The experimental design was randomized blocks distributed randomly with four replications, in a factorial 3x3, implying three types of row spacing (0.35 m, 0.50 m, 0.75 m) and three population densities (50,000 plants.ha -1 , 65,000 plants.ha -1 , 80,000 plants.ha -1 ). The maize hybrid used and recommended for the region was 30F53YH. Sowing was done manually in a row according to the seed density shown in Table 2 .
The thinning occurred at V2 growth stage to maintain a desired population in each subplot. This consists of 4 rows with 3 m length. Therefore, that is, the sidelines and 0.5 m from the end of the central lines comprehended all borders. Finally, we used mechanical weed control during the experiment.
Data collection
The collection started after thinning. We randomly selected five plants in the two centre lines in each subplot. This led us to have 180 plants. The plant height, stem diameter, chlorophyll content, number of leaves and number of nodes were recorded during six weeks (1080 observations). The materials used for measurement of parameters were: ruler, measuring tape, electronic sliding calliper and chlorophyll trademark ClorofiLOG® model CFL 1030. The height of the corn plant was defined by measuring from the ground surface to the line perpendicular to the last leaf set. Chlorophyll readings were taken from the upper third of the last two fully open leaves on each plant evaluated. The count of nodes and leaf number were performed visually. Productivity was measured from the collection of all maize ears of the two central rows of each subplot and the grains were weighed on an analytical balance. Then, the average yield was calculated for one hectare.
Statistical analysis
We used the R program (R Core Team, 2016) to process and analyse data from plant height, stem diameter, chlorophyll, leaf number, productivity, interaction between plant population and spacing. Furthermore, all data were analysed by performing both statistical tests Tukey (p<0.05) and Shapiro-Wilk, analysis of variance (ANOVA), unfolding the interactions (population density and spacing) and free prediction of the effect of blocks through both R packages ExpDes and Agricolae. Additionally, all data were transformed by log (x) to obtain homogenous variances.
Conclusion
Maize crop showed optimal parametric response (Morphological and physiological) with reduced row spacing (0.35 m) and high planting density (80,000 plants.ha -1 ). Additionally, reduced row spacing with high planting density can be a solution for maize yield loss due to dry season based on this study. Nevertheless, it is necessary to evaluate other plant materials.
